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(^ T\ Ahstract; A n apparatus (10) for making plastic molded articles generally having a double-skinned configuration with a foamed 
interior extending between the two skins. Such an article can be produced with a double beauty finish, and various inserts can be 
placed within the foamed interior between the two skins. The apparatus (10) includes the machinery used in order to make such a 
plastic article. The heated mold configurations can be made of inexpensive aluminum, compared to the traditional stainless steel 
production mold, and therefore wiU help the manufacture of laj^e molded plastic articles. 
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PRODUCTION APPARATUS FOR FORMING PLASTIC MOLDED ARTICLES 

5 

CROSS REFERENCES TO RELATED APPLICATIONS 

10 This application claims the benefit of U.S. Provisional Application No. 

60/414,969 filed on September 30, 2002. 

TECHNICAL FIELD 

IS 

This invention relates to methods and apparati for molding plastic articles, and 
more particularly relates to a method and apparatus for molding plastic into articles from 
particulate plastic material. 

20 

BACKGROUT^ OF THE INVENTION 

Since the introduction of plastics in the 1940's after World War 11, engineers 
have been utilizing plastic to make any number of different articles. The plastic industry 

25 started with an injection molding machine and method, and has since been advanced into 
blow-molding, roto-molding, compression-molding, and other means of making plastic 
articles. Making a mold for an injection molding machine, which is the most common form 
of forming plastic, is basically a series of steps which include the manufacture of an 
aluminum or Kirksite mold in order to produce proto-type plastic parts. These molds 

30 generally can produce a number of plastic articles on the order of from approximately 100 
parts to about 2 to 3 thousands parts, depending on what the tolerances are for the molded 
articles themselves. If the molded articles have a lot of sharp comers and high tolerance 
components, the aluminum or Kirksite mold will quickly degrade in quality and maintain its 
tolerances due to the fact that high pressure is utilized to force melted plastic particles into the 
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mold with such pressure that it will force the plastic into all the nooks and crannies of the 
mold, thereby forming a complex part. As injection molding is the most common of the 
plastic forming techniques, it is well known to be the least expensive means for forming large 
numbers of such plastic articles. 

5 

Although injection molding is the least expensive process, this is only the case if 
the plastic articles being formed are being made in large volumes. The cost of the injection 
mold must be amortized over the cost of all of the plastic parts. For instance, if a mold costs 
$150,000 U.S. dollars, and it is planned to form 600,000 parts, then $1 50,000 or one-quarter, of 
10 the costs of each of the 600,000 parts must be attributed to the cost of the mold. Therefore, it 
has always been an expensive proposition to run a small number of plastic parts with an 
expensive injection mold. The cost of the mold may raise the cost of the plastic parts to a point 
where it is not feasible. 



15 Other methods of forming plastic have their advantages and disadvantages as 

well. Some of them do not produce parts that have smooth surfaces on both sides, some of 
them produce articles utilizing even more expensive materials and producing parts that will 
not crack and stress, while other methods may produce one-sided articles, which may or may 
not be suitable for certain production items. 

20 

Previous methods have formed plastic articles that have modulus strengths 
which are limited by the modulus strengths of the plastic itself. A steel article has a modulus 
strength on the order of a 30 modulus. Other materials have modulus strengths generally 
therebetween. Prior art methods have not been known to strengthen the modulus strength of 

25 certain plastic articles, with the exception of the inclusion of various chopped fibers and the 
like. In addition, load bearing structural elements have been produced for large, self- 
supporting panels having a high weight to strength ratio for bridge components, airplane 
decks, and the like. These components have formed roof panels and the like although there 
are certain drawbacks which prevent it from being used in the automotive or aircraft 

30 industries. These components, however, generally have been produced with a poor surface 
fmish, and will not provide the type of detail which may be necessary for many applications. 

In addition, prior art methods have been utilized to incorporate a 
"'sandwiched'" form, including a foamed polyurethane core, which may be in the form of a 
35 foam sponge, or it may be a foamed core which produces gaseous substances during the 
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curing, in order to increase the volume of the foamed core. Certain reinforcing fibers may 
also be incorporated in an attempt to increase the strength of the plastic. 

By way of explanation of various other methods and embodiments of the 
5 method and resulting articles, we are hereby also incorporating by reference the United States 
Provisional Patent Applications No. 60/270,321 filed on February 5, 2001; No. 60/300,874 
filed on June 25, 2001; No. 60/346,336 filed on January 7, 2002; and International 
Application No. PCT/US02/03298 filed on February 5, 2002. 

10 Therefore, it would be a great advantage to the industry if a new method and 

apparatus could be promoted for inexpensively manufacturing large, strong plastic articles. It 
would be an even greater advantage if the molds were so ine3q)ensive that small production 
numbers could become economically feasible. 

15 

SUMMARY OF THE INVENTION 

In accordance with the above noted advantages and desires of the industry, the 
present invention provides a production line method and apparatus for forming plastic 
20 molded articles utilizing heated molds and particulate thermal plastic materials having a 
melting point which allows the particulate materials to melt and form skins on the heated 
molds. Further disclosed is a method of making articles with the production method utilizing 
the production line apparatus, in order to make plastic articles with a double-skinned and 
generally including a foamed center in certain embodiments. 

25 

One specific preferred embodiment includes the use of complementary heated 
molds which are first filled with a first powdered plastic material in order to form a melted 
skin thereon, followed by inserting a foamable plastic between the complementary molds, 
and the heat fi-om the heated molds being utilized to kick ofT the foam and allow it to expand 
30 into the cavity between the two skins. Thereafter, the molds are cooled, and the part is 
released. In this one specific embodiment, the initial skinned molds are tipped upside down 
in order to release any unmelted plastic materials into a receptacle thereunder. 
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In another aspect of the specific embodiment, there is a rolling cart utilizing 
the molds in a tipping arrangement such that the rolling cart may be rolled from underneath a 
distribution system for the surface plastic powder materials, which can then be moved 
underneath a distribution system for the foam powder plastics. 

Therefore, the invention is particularly useful for applications of making very 
large plastic articles, while maintaining an inexpensive mold for use in the process. The 
preferred embodiment of the mold includes the use of CNC routed aluminum molds, which 
can be used many times over in a production setting. Needless to say, the use of the 
aluminum mold is much less expensive for production than a stainless steel mold which is 
commonly used in the industry for injection molded processes. There has long been a need 
for an inexpensive mold which could be used for the production of very large plastic articles. 
By way of contrast, stainless steel molds suitable for production of injection molded parts are 
generally extremely expensive, on the order of millions of dollars for large articles such as 
pick-up truck boxes, boat hulls, sewer pipes and the like. On the other hand, in the instance 
of a pick-up truck box bed, the present invention includes the use of a mold which would cost 
on the Older of several hundred thousand dollars, rather than several millions of dollars for a 
stainless steel injection molding production mold. 

Although the invention will be described by way of examples hereinbelow for 
specific embodiments having certain features, it must also be realized that minor 
modifications that do not require undo experimentation on the part of the practitioner are 
covered within the scope and breadth of this invention. Additional advantages and other 
novel features of the present invention will be set forth in the description that follows and in 
particular will be apparent to those skilled in the art upon examination or may be learned 
within the practice of the invention. Therefore, the invention is capable of many other 
difTerent embodiments and its details are capable of modifications of various aspects which 
will be obvious to those of ordinary skill in the art all without departing fi-om the spirit of the 
present invention. Accordingly, the rest of the description will be regarded as illustrative 
rather than restrictive. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



For a further understanding of the nature and advantages of the expected scope 
and various embodiments of the present invention, reference shall be made to the following 
5 detailed description, and when taken in conjunction with the accompanying drawings, in 
which like parts are given the same reference numerals, and wherein: 

FIG. 1 is a front perspective view of a powder mold plastic article making 
apparatus made in accordance with the present invention showing a rolling cart for holding 
10 mold sections in position under a plastic particulate distributor; 

FIG. 2 shows the same apparatus of FIG. 1, but with the rolling cart in a 
secondary position under another particulate material distributor; 

15 FIG. 3. is a perspective view of the mold removed from the cart and being 

lowered into the cooling mechanism in accordance with the present invention; 



FIG. 6 is a bottom perspective view of the distributor arms and hopper of the 
surface powder station of the present invention; 



FIG. 4 is a side elevational view of a heating glove; 



20 



FIG. S is a side perspective view of the heating glove; 



25 



FIG. 7 is a bottom perspective view of the distributor arms, hopper and shut- 
off valve of the foam powder station; 



FIG. 8 is a perspective view of the mold/heater glove combination; 



30 



FIG 9 is a side elevational view of a clamping mechanism; 



FIG. 10 is a perspective view of the tipping mechanism; 



FIG. 1 1 is a detailed illustration of one embodiment of the cooling station; 
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FIG. 12 is a front elevational view of a resulting plastic article; and 

FIG. 13 is a front elevational view of a resulting plastic article made with the 
use of the clamping mechanism. 

5 

DETAIUED DESCRIPTION OF THE INTVENTION 

In accordance with the objects and advantages being sought hereinabove, the 
present invention discloses a production line method and apparatus for forming plastic 
molded articles utilizing heated molds and particulate thermoplastic materials. The present 
method will yield a double-skinned, foamed center plastic article, which may or may not 
include various reinforcements within the foamed layer to add strength or other 
functionalities. In that regard, there is shown a schematic view of the apparatus for the 
production line as seen in FIG. 1 . A plastic forming production line as shown in FIG. 1 is 
generally denoted by the numeral 10, and incorporates the use of a first female mold and a 
second male mold, 12 and 14, respectively. The female and male mold sections 12 and 14 
are shown in contact with mold heaters 16 which utilize propane from propane tank 17 in 
order to heat the mold sections. After the molds 12 and 14 are heated, a particulate plastic 
material 18 is dropped from above and distributed from a hopper 20 via particulate distributor 
tubes 22 into the cavities of the molds 12 and 14. The plastic melts against the heated molds 
and forms a skin on the molds. 

In the current embodiment, hopper 20 has a large supply of the particulate 
25 plastic material 1 8, which is preferably a powder, but may also be pellets, resin or any other 
type of dry particulate material. The powdered materials are distributed via distributor tubes 
22 onto the top of the male and female molds 12 and 14. As the molds 12 and 14 have been 
preheated by heater 16 to a temperature above the melting temperature of the particulate 
material 18, once the powdered material is distributed through tubes 22 into the molds 12 and 
30 1 4, the particulate material 1 8 is allowed to sit in the mold in order to melt against the heated 
mold to form the individual skins. 

The preferred material for use in this application includes powdered 
polyurethane thermoplastic, available from Equistar Corporation in the United Smtes, which 



15 
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is readily available throughout the continental United States. Needless to say, any particulate 
material which is a thermoplastic material that can be melted, would be suitable for this 
application. Therefore, the list of appropriate materials would include polyethylene, 
polypropylene, nylons, and all the other thermoplastic materials known to one of ordinary 
5 skill in the art. Once powder 18 is sitting in the molds 12 and 14, a skin forms of the melted 
and fused plastic, while the uppermost portion of powder 18 (as it sits in the mold) will 
remain in its particulate form, and must be dumped after the appropriate thickness of the skin 
has been achieved. In our preferred embodiments, the skin shall be manufactured to a 
thickness of between about 0.5mm and about Smm. 

10 

Various applications will require various thicknesses of the skin. It has been 
found that the particulate material, when it is in powdered form, having a mesh size of 
slightly larger than talc powder, has a preferred residence time of approximately one minute 
per millimeter of thickness of skin. In other words, a full load of powdered material 18 is 

15 dumped into molds 12 and 14, after the molds have been heated to approximately between 
about 180"*? to 450®F, and for every minute that the powder remains in contact with the 
heated mold, the skin becomes one millimeter thicker. For instance, our preferred thickness 
for automotive applications is approximately 3mm thick. Therefore, the powdered material is 
allowed to stay in contact with the heated mold for about three minutes. Of course, the form 

20 of the powder affects the length of residency time, as a more coarse powder would require a 
longer residence time in order to melt it against the mold to form a skin. For example, 
pelletized plastic material may require a residence time in the mold of from about 0.5 minutes 
to about 20 minutes to achieve a desired thickness. 

25 The heaters 16 will be more fiilly described hereinbelow, as they are referred 

to by the inventors as a "heater glove" and the molds 12 and 14 are placed in close proximity 
to the heater glove. The heater glove will heat the molds, which are preferably made of 
aluminum or any suitable efficient heat conductive material, to an even temperature of around 
ISO^F to 450**F. In order to melt the polyurethane plastic which is purchased from Equistar 

30 Corporation, the molds are preferably heated to a temperature above the melting point of the 
plastic. 

Therefore, the most preferred embodiment utilizes an all aluminum mold, 
which has been CNC ground into a appropriate configuration, and that mold is heated by 
35 flame to an optimum temperature of about 415*'F, and is then contacted with a finely 
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powdered polyurethane thermoplastic material, such as that purchased from Equistar 
Corporation. 

Once the desired skin thickness has been achieved, the molds 12 and 14 need 
5 to be emptied to prevent further skin formation. In order to prevent further skin formation, 
the molds may be tipped over so that the excess powder can be tipped out of the mold and 
collected in a lower hopper 26, which is called the particulate return hopper 26. The molds of 
the present invention are tipped inward to empty the excess particulate material into the 
return hopper via turning axis 24. The mold heater is attached to a pivoting, tipping support 
10 28, and rotates about turning axis 24 in order to dump the excess powder into the hopper 26. 
Once the tipping mechanism has been finished, the mold transfer rolling cart 30, to which all 
of the above equipment has been mounted, includes wheels 32 for transporting the transfer 
cart from station to station. Once the operation has been finished at the first station, the mold 
transfer cart is then rolled to a second position underneath a similar second station, wherein 
15 the second station is similar to the first, but having a new particulate material generally a 
particulate foaming material. 



At this time, reinforcements may be added to the mold prior to the distribution 
of foam through its distributor tubes into the molds. The foam powder distributor mechanism 
20 is preferably of a similar configuration to the surface powder distribution mechanism 
described hereinabove with reference to FIG. 1. Reinforcements suitable to be put into the 
mold may include nearly anything, but are preferably pieces of fiberglass cloth, Kevlar cloth, 
steel mesh, steel perforated sheets, or any other thing which may be porous to allow the foam 
to foam up, in and around, and encapsulate the reinforcement within the mold. 

Looking now to FIG. 2, there is shown the tipping occurring at the foam 
station to remove the excess foam powder. This foam powder operation is a similar operation 
to that which occurs (but is not shown) at the surface powder station. Once the excess foam 
powder has been dumped from the molds, the two molds are held together and clamped to 

30 form a cavity into which the foam can expand into. The foam is a polyurethane material 
available from Equistar Corporation, and is sold under their proprietary materials group. 
Again, the excess foam material powder is tipped out of the molds into the return hopper, 
similar to the particulate return hopper 26 with regards to the surface transfer station, and the 
excess is vacuumed back upwards to the distributor hopper 20. If the perfect amount of 

35 foaming plastic can be put into the moid, then tipping out excess would not be required. 
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The two molds are then held together to allow the heat from the molds to 
activate the foamable polyurethane particulate material such that it foams up into the cavity 
created by the first and second molds 12 and 14, respectively. Any foamable material may be 
suitable for this application, and it may also be applied as a liquid in addition to the powdered 
5 or particulate foam material which is used in the preferred embodiment of the present 
invention. 

Preferably a light clamping pressure is all that is required to hold the two 
molds together to maintain a minimum amount of flashing and to evenly distribute gaseous 

10 bubbles generated in the foaming procedure throughout, without delaminating the two skins 
from the foamed material. In the event that a liquid foamable material is to be used, the 
molds may be held in a horizontal orientation, such that the foamable material may be spread 
into the bottom mold, while a top mold can be maneuvered into position on top of the bottom 
mold, and allow the foam to expand into position. Generally, the foaming operation takes 

15 anywhere from about one-half minute to about twenty minutes for fiill expansion of the foam, 
depending on the foaming product which is utilized. Generally, the same plastic powder is 
used as the surface plastic, only it has been pre-mixed with a foaming or blowing agent. 
Such blowing agent is well known in the art, and can be mixed into the plastic powder 
without any undue experimentation. Furthermore, the foaming action is also dependent on 

20 the reinforcements which are included within the mold prior to the mold being held together. 
The reinforcements become encapsulated by the foam, and become and integral part of the 
foamed article, once the plastic has cooled and set into a solid material. 

Looking now to FIG. 3, the mold is shown as having been hoisted up by a 
25 chain 40, and has been transferred to a location above a water-fed mold cooling station 42, 
which includes the spraying of water through nozzles 44 from the city water supply onto the 
outsides of the mold in order to cool the mold and the contents. As can be seen in FIG. 3, the 
nozzles 44 in the oval-shaped tub 42 are spaced so as to more evenly distribute the water 
against the surface of the mold. The mold is lowered into the oval-shaped cooling station, 
30 and the water is pressurized out of the nozzles against the outside of the mold, and the mold 
is cooled for a period of anywhere frY)m about S minutes to about 90 minutes. Thereafter, the 
mold halves are opened and the foamed article is released. It must be realized, though, that 
any method of cooling is acceptable, including cool air jetting, placement into a refrigerator 
or placement into a cooling medium. 



35 
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Looking next to FIG. 4, there is shown a photograph of the heating glove 
generally denoted by the numeral 50, described hereinabove with reference to FIGS. 1-3 for 
heating the molds. The heater glove 50 of FIG, 4 illustrates the heating baffle 52 which is 
helpful in maintaining a flame when the heater glove is being tipped back and forth. In order 
5 to keep heat on the mold while the powder is being tipped out of it, a flame-out-proof design 
was needed. Baffle 52 keeps the flame lit even during the tipping procedure. Heater glove 
50 is shown with a baffle 52 and a distribution means 54, along with exhaust tubes 56 in 
order to remove the excess heated air. Clamps 58 are shown, but will be described below. 

10 Once the heater glove 50 is covered with mold 14, as shown in FIG. 5, clamps 

58 are shown holding the side of the mold against the heater glove box 50. As can be seen, 
the heater glove box 50 is mounted on an angled piece of steel 28 attached to an axis below. 
As the axis turns, any excess powder will be tipped out of mold 14. In FIG. 5, the mold 14 is 
shown without the powder therein, in order to show details of the mold, the axis, and its 

15 position. 

FIGS. 6 and 7 show the bottom side of the hopper 20 as shown in FIGS, 1-3, 
and hopper 20 is shown with its distribution arms 22 extending downwardly therefrom. 
Shutoff valve 60 is shown in the open position, whereas if the flat portion 62 of the shutoff 
20 valve is shoved over the distributor tubes 22, the flow is cut off. However, FIGS, 6 and 7 
illustrate the shutoff valve in the open position, such that material 18 from in the hopper 20 
held above mold 14 will flow downwardly by gravity into the mold. Pre-measured amounts 
of powder are put into the hopper so that when there is a sufficient amount of powder and the 
mold, the hopper will most generally be empty. 

25 

Looking next to FIGS. 8 and 9, there is shown the preferred clamping arms 58 
which hold the mold 14 to the heater box 50 below. In the preferred embodiment, the 
clamping arms 58 are hydraulically operated, or may be operated pneumatically for rapid 
response. FIG. 9 is a close-up of clamping arm 58, while FIG. 8 shows the clamping arm 58 
30 in its working environment. 

FIG. 10 shows the tipping mechanism 24, or trunion, and shows the 
temperature dial on the side of the heater glove box 50. The trunion design will be used to 
rotate about the axis in order to flip so that mold 14 tips excess powder backward into the 
35 center of the transfer station and into the reservoir hopper which is located below. The 
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powdered material from the reservoir hopper may be vacuumed back up into the upper most 
hopper in order to recharge the surface and foam hoppers 20. 

Looking now to FIG. 1 1 the water cooling station 42 of this production line 
includes a multitude of water nozzles 44 for even spraying of cool water onto the sides of the 
mold (not shown here) in order to cool it off. Once the mold has been lifted Srom the foam 
powder station, it is inserted between all of these nozzles from above and the nozzles are 
turned on for time periods from about 1 second to about 60 seconds, depending on how much 
steam is generated and the amount of steam which can be handled within the plant setting. 
After the water is sprayed from the nozzles, it is evacuated back into a reservoir system for 
further use. The water is recycled many times, and cools the mold prior to the end result 
coming out of the mold. 

FIG. 12 illustrates a sample of a resulting plastic molded article known as a 
test plaque, with the paper-thin flashing extending around the perimeter of the mold where 
the seam has occurred, and it also shows the flat surface which can be achieved. The paper- 
thin flashing has been achieved due to the clamping arms which hold the mold together while 
the foaming is taking place. The clamping arms exert a very light pressure, on the order of 
from about lOmmHg to about 10,000mmHg, and this yields a superior product. 

As shown in FIG. 13, the light clamping was not utilized during the process 
and consequently a heavier and larger flashing portion exuded from the mold seams when 
only gravity was used to hold the top mold against the bottom mold. Although this 
embodiment works equally as well, it is more economical to use less polyurethane foam 
powder if one clamps the molds together with a light pressure. 

The resulting article may be any article including auto parts, boat parts, 
housing components or anything that may be made of plastic, all to be made by the preferred 
embodiment of the process described herein. Such articles include two skins, one on one side 
and one on the other of the article, each being any desired thickness although most articles 
preferably are approximately three millimeters in thickness. A one-inch thick foamed center 
is between the two skins, and the article may or may not be made with reinforcements 
therein. In the present example of a test plaque, a reinforcement of a fiberglass cloth was 
placed in the center of the plaque (the resulting plastic molded article) in order to impart 
strength. The previous patent applications which were filed for 3DM Technologies, Inc., 



wo 2004/030888 PCTAJS2003/030843 

12 

have incorporated descriptions of the possible reinforcements which may be utilized, and 
those applications are Incorporated herein by reference. 

Therefore, the present invention has been described in enough detail to enable 
one of ordinary skill in the art to reproduce the method and apparatus for forming plastic 
molded articles in a production line setting without undue experimentation. AH of the objects 
and advantages listed first in this patent application are met and/or exceeded. 

The foregoing description of a preferred embodiment of the invention has 
been presented for purposes of illustration and description. It is not intended to be to be 
exhaustive or to Irniit the invention to the precise form disclosed. Obvious modifications or 
variations are possible in light of the above teachings with regards to the specific 
embodiments. The embodiment was chosen and described in order to best illustrate the 
principles of the invention and its practical applications to thereby enable one of ordinary 
skill in the art to best utilize the invention in various embodiments and with various 
modifications as are suited to the particular use contemplated. It is intended that the scope of 
the invention be defined by the claims which are appended hereto. 

TTSmTTSTRIAL APPLICABILITY 

The present invention finds particular utility in the plastic molded article 
industry, and finds particular utility when making large plastic articles, such as automotive 
components, boat hauls and other marine applications, housing component manu&cture, and for 
instance, sewer pipes and playground equipment. 
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CLAIMS 

What is qlaiTned is: 

S 1. (canceled) 

2. A plastic forming ^paratus for making plastics firom at least two 
dififeraiit parttculate plastic materials, compristo 

at least two complementary open bare swAce molds, each mold being 
^' 10 mounted on a rolling cail^ \vb&r& said molds aie cspable beii^ moved along a tnmion tracic and 

c^iable ofbeing heated; 

said molds bavxng at least oot open bare surfice with a sealing edge fi>r 
nllimately mating wilb the cOier open mcdd, said open bare suifioe being disposed tar recdvfaig 
the particulate plasdo materials; 
IS at least one hopper for dmfaping a first particulaie plastic into each of the 

open molds individually* said hopper having at least one distributor ann with a downwardly 
* facing distributor tube including louvers &r opening and closing tlie louvers to distribute the 
particulate material into each of the individual open tnolds, said hopper being capable of being 
recharged wiA surplus particulate plastic malBrial after fhe molds are used; 
20 a supply of heat for separately heating die complementaiy molds; 

^ a second hopper for dumping a second particulate plastic into at least one 

of the molds, said second hopper also having a distrlbulor aim wiAi a downwardl^y ficing 
distributortube including louvers for selectively opening and closing the louvers to distribute the 
particulate mat^al into the at least one mold, said hq^per being capable ofbeing recharged with 
25 surplus particulate plastic material after the molds are used; 

a cooling station for cooling fhe heated molds; and 
a track for rollmg the two carts fiom under fhe first hopper to a position 
under the second hopper and then into the cooling station. 

30 3. The apparatus of claun 2, wherein fhe ap&n molds are made of ahiminuiD 

and fiirdier comprise heating plenums attached to the back of the molds to heat the molds. 
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4. The appaiatii$ of claim 3, whei^ti th^ heatitig plenums include a propane 
fired heating unit capable of being tipped over after the particulate materia] has melted onto tiie 
mold, in order to dischai;ge any remaining unmelted particulate plastic. 

S 5. The apparatus of claun 2, ivherein the molds are designed to be held 

apart at a predetermined distance to allow jfor a resulting article having a sandwich configuration 
with a foamed centor. 



. 6. The apparatus of claim 2» wherefai ttie molds rotate on a horizontal axis 
10 on the roll bg cart, such that afi^ the desired melted sidn has been filmed on tfie mold, ttie mold 
can be tipped over to dischai^e mcess plastic before tiie next step» 

7. The apparatus of claim 2, fortiier comprising dump trays under each of 
the hqppers for receiving the dischafge <»£cess plastic. 

15 

8. The apparatus of claim 2, further convulsing a vacuum mechanism for 
transferring the excess particulate plastic contained in ^e dump trays back up into the hopper fin: 
further distribution into subsequent molds. . 

20 9. Hie qjparatus of clahn 2, fiirther comprising water qm^g nozzles in 

the cooling Mtion fi>r cooling the molds after the deshed article has been fimnedL 

10. A method of forming plastic articles fiom a pardculate plastic material, 

comprising! 

2S heating at least two complementaiy opm bare sur&ce molds mounted on 

a roiling cart» where said molds are capable being moved along a trunion track and capable of 
being heated; 

dumping a first particulate plastic into at least one of the individual open 
bare surface molds fitom a first hopper, said hopper distributmg the plastic into the at least one 
30 mold through at least one distributor arm with a downwardly &obig distributor tube Includmg 
louvers for opening and closing tiie louvers to distribute the particulate material into the 
individual opea molds; 

fixrming skins OSL each of the individual open molds by contacting tiie 
heated molds witii the particulate plastic and melting tiie plastic against the mold; 
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taping the molds to dUschacg^ any excess particulate plastic material 
fiom the open molds after a skin of melted plastic has been foimed on the molds; 

moving the Tolling caitalong the tnmion trade from undemeadi flie first 
hopp^ to a second posidon under a second hoppen 
5 dumping a second particulate plastic Into at least one of die molds from a 

second hopp^ also having at least one distributor ann with a downwaidly &cing distributor tube 
including louvers for selectively opening and closing the louvers to distribute the particulate 
material into at least one of the molds, said hopper being capable of being rechaiged with 
surplus pardculate plastic material after the molds are used; 
10 movbig the rolling cart along the trunlon track from underneath the 

second hopper to a final position in a cooling Station for cooling the heated molds; and 

spraying the heated mold -wHii cool water to cool ihe molds and lemo ving 

the resulting article^ 

15 11. The method of claim 10, vfdiereln flie step of heating the molds is 

accomplisihed by beating to a temperature of fiom about 190 degrees F. to about 500 degrees F. 

12. The method of claim 10t» whercdn the stqi of graying the heated mold 
with cool water is acoomplisdied cooling to room temp^ature with a tap water supply. 



20 



13. The method of claim 10, fiirtber comprising a step of pie-heating tte 
plastic pardcutote before introduction into a mold. 



14« The m^od of claim 1 0» fiirther comprising a step of exposing the plastic 
25 particulate to a ^eous fluid selected fiom the group consisting of nitrog^ helium, sulfiir- 
containing gas^ argon, neon» halogen^containing gas, hydrogen, acidic or basic gas. or 
combinations thereof in order to achieve individual maU^isd properties in die resuhang ardcle. 



PCn/US2003i^30843 15 

PAGE 9/9'RCVDATn04 11:45:43 /ya[EasteniDayligM 

AWffMHEO SHEET 



wo 2004/030888 



1/7 



10/530258 

PCT/US2003/030843 




SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



10/530258 



WO 2004/030888 PCT/US2003/030843 

3/7 




SUBSTITUTE SHEET (RULE 26) 



wo 2004/030888 



4/7 



10/530258 

PCT/US2003/030843 




SUBSTITUTE SHEET (RULE 26) 



10/530258 

WO 2004/030888 PCT/US2003/030843 

5/7 




SUBSTITUTE SHEET (RULE 26) 



wo 2004/030888 

6/7 



10/530258 

PCT/US2003/030843 




SUBSTITUTE SHEET (RULE 26) 



10/530258 

WO 2004/030888 PCT/US2003/030843 

7/7 




SUBSTITUTE SHEET (RULE 26) 



iee'dlPCT/FTO30NiAR2005 



fl/550258 



VUS2003/030843 



Box No. VIII (iii) DECLARATION: ENTITLEMENT TO CLAIM PRIORITY 

The declaration must conform to the standardized wordins provided for in Section 213; see Notes to Boxes Nos. VIII, VIII (i) to (v) 
(in general) and the specific Notes to Box No. VIII (iii). Ij this Box is not used» this sheet should not be included in the request. 

Declaration as to the applicant's entitlement, as at the international filing date, to claim the priority of the earlier application specified 
below, where the applicant is not the applicant who filed the earlier application or where the applicant's name has changed smce the 
filing of the earlier application (Rules 4 J7(iii) and 5 16/5.1(aXiii)): 

In relation to this International application, 

LINARES. Miguel A., and DINELLO. Panfilo M., are entitled to daim priority of earlier application No. 60/414.969 
by virtue of the following: 

the applicants are the inventors of the subject matter for which protection was sought by way of the earlier application. 
This declaration is made for the purposes of the following designations for national and/or regional patents: US. 



I I This declaration is continued on the following sheet, "Continuation of Box No. VIII (iii)*'. 
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Box 1^0. VIII Xlv) DECLARATION: INVENTORSHIP (only for the purposes of the des^tion of the United States of America) 

The declaration must conform to the following sttmdcu'da^ see Notes to Boxes Nos. VIIl Vll!(i)to (v) 

(in general) and the spectfic Notes to Box No. Vlll (iv). If this Box is not used, this sheet should not be included in the request. 



Declaration of inventorship (Rules 4.17(iv) and Sl^£s.l(a)(iv)) 
for the purposes of the designation of the United States of America: 

I hereby declare that I believe 1 am the original first and sole (if only one inventor is listed below) or joint (if more than one inventor 
is listed below) inventor of the subject matter which is claimed and for which a patent is sought. 

This declaration is directed to the international application of which it forms a part (if filing declaration with application). 

This declaration is directed to international application No. PCT/ }^?F^'^^ (if furnishing declaration pursuant 

to Rule 26/er). 

I hereby declare that my residence, mailing address, and citizenship are as stated next to my name. 

I hereby state that I have reviewed and understand the contents of the above-identified international application, including the claims 
of said application. 1 have identified in the request of said application, in compliance with PCT Rule 4. 10, any claim to foreign priority, 
and 1 have identified below, under the heading "Prior Applications,** by application number, country or Member of the World Trade 
Organization, day, month and year of filing, any application for a patent or inventor's certificate filed in a country other than the United 
States of America, including any PCT international application designating at least one country other than the United States of America, 
having a filing date before that of the application on which foreign priority is claimed. 

Prior Applications: 



I hereby acknowledge the duty to disclose information that is known by me to be material to patentability as defined by 
37 C.F.R. § 1 .56, including for continuation-in-part applications, material information which became available between the filing date 
of the prior application and the PCT international filing date of the continuation-in-part application. 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief 
are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful 
false statements may jeopardize the validity of the application or any patent issued thereon. 

Name: .LINARES, Mifluel A. 

Residence: .^^P.^^^.^.®. ^i^l^!?'. M'?.*^j9??. 



(city and either US state, if applicable, or country) 
Mailing Address: ?7^R ^l^^'^.'^^P^.^. 't^P?. . . . 



Bloomfield Hills. Michigan 48302 



Citizenship: 



United States of 




Inventor's Signature: 
(if not contained in the request, or If declaratidh i^^rrected or 
added under Rule 26/er after the filing of th<s^temational 
application. The signature must be that of the inventor, not that of 
the agent) 

OINELLO. Panfilo M. 



September 



30 







,2003 



Date: 

(of signature which is not contained in the request, or of the 
declaration that is corrected or added under Rule 26rer after the 
filing of the international application) 



Name: 

Residence- Township, Michigan 

(city and either US state, if applicable, or coimtty) 

Mailing Address: .?8?23 Wjrigate 

Clinton Township. Michigan 48038 




Citizenship: . VPI*?^ 

Inventor's Signature 
(if not contained in me request, or if declaration is corrected or 
added under Rule 26/er after the filing of the international 
application. The signature must be that of the inventor, not that of 
the agent) 



Date: September ^ ^ . 2003 

(of signature which is not contained in the request, or of the 
declaration that is corrected or added under Rule 26/er after the 
filing of the international application) 



n This declaration is continued on the following sheet, Continuation of Box No. VIII (iv)". 



